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INTRODUCTION

An anomalous , diamagnetic transition In pressure quenched caónlum
sul fide, (CdS) has recently been reported by Homan and Kendall) Using

3 low frequency technique (Hartshorn bridge) a transition from a

strongly di amagnetic state to a paramegnetic state (or weakly pare-

magnetic to strongly paramagnetlc state, etc.) was observed at

temperatures up to 150K in CdS specimens that were pressure quenched

at rates of about ia6 bars/sec . from pressures just above the semi-

conductor-conductor transition . These specimens exhibited a layered

morphology consisting of opaque, lenticular platelets of varying

thickness imbedded (n a compacted powder matrix.

The character of these platelets was studied by optical and

scanning electron microscopy, transmission x-ray analysis , micro-

hardness and chemical etching techniques. The pl atelets are

mechanically and chemically different from the matrix material and are

probably amorphous , although microcrystallinity cannot be ruled out .

They compri se a volume fraction of 10 to 15 percent , the larger

fraction being obtained by quenches from the higher pressures .

In order to obtain more quanti tative measurements of the magnetic

properti es and to precl ude the possibility of a spurious ac effect,

magnetic moment measurements as a function of stati c magnetic field

strength wars performed and these results are reported In this present

paper.

~C. G. Homan and D. P. Kendall , Bull. Am. Phys. Soc. 24, 316 March
1979. DetaIls published In Benet Laboratory Technicil Report No.
ARLCB-TR-79-004 Apri l 1979.
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APPROACH TO THE PROBLEM

Samples were prepared as In reference 1, from optical grade CdS

powder ,2 compacted Into discs and then pressuri zed In a gasketed

Bridgema n anvil pressure device loaded in a servo-hydraulic tensile

testing machine. The sample resistance during pressuri zation was

determined by measuring the resistance across the anvils using dc

specimen currents not exceeding 10 mllliamps . A typical resistance

vs pressure trace is shown in Figure 1. The pressure values shown in

this figure are approximate since an accurate pressure calibration for

this device was not determined. The specimen resistance was taken to

be a reproducible measure of pressure , since the sample geometry and

weight were nearl y identical at approximately 3.0 mm in diameter and

F 0.5 mm thick , and weighs 14.5 mg.

Samples were quenched from pressures which produced speci men

resistance values ranging from 50 ohms to 8 ohms . Pressure quench

rates were either 1 to 2 x 106 bars / sec , S to 6 x io6 bars / sec or

less than lO~ bars /sec .

The magnetic moment measurements were made using a Pri nceton

Appl ied Research vibrating sample magnetometer. Extensive previous

use has shown no evidence for experimental arti facts . However , a

2Samples were prepared from optronic grade CdS from Alpha Inorganics,
Stock No. 20130 compacted In a small piston cylinder device to a
pressure of about 2 kbars . Starting pellets were found to be near
theoretical density by a gravimetri c technique . Spectrographic
analysis by the spark emission method and a quantitative chemical
analysis of our samples Indicated the following metallic impurities :
F e = l 2 ppm,Mg = 3.6 ppm, C u = 4 .2 ppm, A g a 3 . 5 ppm, B i < l ppm ,
Al c 1.4 ppm, Ge < 1 ppm, Not detected, Ni < 1 ppm, Mn < .46 ppm,
P b c .Ol ppm,C r < 2 . 8 ppm, C o < l p p m.
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series of tests were al so performed during these measurements to check

for spurious results . These included measuring comparable signals

icing known materials (CuSO4, 5H20) and obtaining agreement with

literature values of the susceptibi lity, changing specimen holders ,

changing geometri cal confi gurations of pick-up wi res , etc., and

running the instrument without the cylinder normally surrounding the

vibrating rod. In all cases , no evidence for deviant behavior was

observed .

It had been previously found that CdS samples pressure quenched

from resistance values of the order of 50 ohms at 2 x io6 bars / sec

were metastable in their magneti c properties at room temperature with

recovery times In the order of hours . There fore , after pressure

quenching at room temperature, these samples were kept at 77K for about

an hour before being placed in the sample holder of the magnetometer at

room temperature and again cooled to 77K for making the magnetic

measurements .
)
~ESULTS

The results in Figure 2 represent the average of several runs on

the s ame sample that was pressure quenched from 50 ohms at 1 to 2 x

bars /sec . The result is typical of such pressure quenched samples ,

although some variation in the magnitude and position of the discon-

tinulties in magnetic behavior Is observed between specimens . We show

for •:ornparison the magnetic behavior of the original , unpressuri zed

starting material , and øf samples slowly pressure quenched at about

IO~ bars/sec from the same pressure . The magnetic behavior of the

4
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empty sample holder is also shown for comparison. The small para-

magnetism of the sample holder Is due to absorbed oxygen.3 The same

sample holder was used during the whole sequence of measurements .

~s L 3 0  ~e seen , t~~ magnetic behavior of the fast quenched

speciriens sho~-s several str iking features. First, the sample is

strong l y diamagnetic to around 50 Oersted , with the magnitude of the

volume susceptibi lit ,’ bei nq -5 x l0~ cgs units . Above about 70

Oersted , there is a transition to an intermediate magnetic state In
4

whi ch the magnetic moment Is positive and whose susceptibility is about

~2 x io~ cgs units . Above 150 Oersted , these samples transformed to

a state wr~ose positive susceptibility is at least twice as l arge as

the intermediate state . The calculations were made on the assumption

that the entire sample is contributing to the magnetic behavior.

Corrections were made for the magnetic behavior of the Teflon sample

holder.

The samples were slowly warmed to room temperature in the order of

several hours , durin q which time recovery 0f the magnetic behavior

occurred as evidenced by a subseauent run at 77K in which these large

magnetic effects were not observed. Following another short room

temperature anneal , the ac diamagne tic transition previously descri bed

was observed on warming from 4.2K in the mutual inductance bridge at

20K. One further room temperature anneal lasting about an hour was

made and no ac diamagnetic transiti on occurred above the Pb super—

conducting transition calibration temperature .

3M. Centanni and P. A. Casabe l la in “Amorphous Magnetism ” ~d1t,d by
R. A. Levy and R. Hasegaw. Plenum Press , NY , 19,,, pp 66~-oii .

a 4
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Preliminary studies on the stability of the magnetic properties

indicate that slight Increases in pressure and quench rate result in

enhanced stability . For example , samples pressure quenched from a

resistance of about 10 ohms at a rate of about 5 x 106 bars /sec are

irore stable In their magneti c properties , with the strong diamagnetism
- - “mim ing for days rather than hours at room temperature .

The form of the magnetizat ion curves is the same as that show n in

-~~ E~qur~ 2 and no systematic variation of the vol ume susceptibilities

‘~ith these quenching parameters was found. However, var i ations i n  the

~.riti cal fields were noted.

A sample quenched from 15 ohms at 2 x 1O 6 bars /sec was tested for

magnetic behavior at both room temperature and 77K. At both

femperature s the form of the results was similar to that shown in

Iigure 2. However , the lower critical field (shown at 50 Oersted In

Fi gure 2) occurred at 88 Oersted at 77K and 40 Oersted at room

temperature .

Preliminary investigation of the effect of impurities was made

~n sa~iples fabricated from CdS powder from a different source .
4

this sample material was lighter in color suggesting a different

impurity content. Based on manufacturers data , it had a lower total

impuri ty content. These samples showed significantly different

4Thc~se samples were prepared from CdS from Eagle-Picker , Ultrahigh
Puri ty Grade . The nominal analysis provided by the manufacture r
war, qual itatively exami ned by the spark emission technique . This
analysis suggested less total impuri ties than the original b.daterial
and showed traces of Fe, Mg, Cu, Ag, Bi , Al , Ge Not detected , Ni ,
Mn , Pb , Cr , Co.

5
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resistance vs pressure curves. Samples pressure quenched from a

resist ance f about 30 ohms at 5 to 6 x i06 bars/sec showed different

scanning electron mic roscopic morphology and significantly less

~ara maq n~?tic effects. This suggests that the impuri ty spectrum and

concentr ation in the Dart-; per million range may be significant and

,~~~rn int f~,rtner study.

~rsc~ssi~
We note that the ma -~ietization curves shown in Figure 2 can be

simulated by the super position of some regions in our sample behaving

wl tr~ strong positive rna gne tic behavior (paramagnetism) with other

regions behaving with classical type II supercondu cting magnetic

behavior as shown in Figure 3. However , careful experimental

determination of other physical properties , such as the resistivities

of o~r sam p le or t he pla telets must be made as functions of temperature

and ~agnet ic field in order to either confi rm or deny this intri guin g

possibility . Experiments to determine these additional physical

properties are in progress at the present time .
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Figure 1. Typical resistometric trace of optical grade polycrystalline
CdS. See ref. 2
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FIgure 3. Simulated magnetic moment behavior of a sample containing a
volume V 1 of positive magnetic susceptibility xi and a
vol ume V2 of superconducting material assumi ng a linear
superposition of magnetic moments.
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